Introduction
Studies regarding the function of the fetal renal system could be performed only by employment of radiologic methods or radioactive substances prior to the introduction of ultrasound investigations into obstetrics. VAN GEUNS [8] instillated labeled creatinine into the amniotic fluid. From the decrease of the known creatinine level in the amniotic fluid, he determined the glomerular filtration rate. Sonographic measurement of the fetal urine production was first described by CAMPBELL et al. [4] . This method represented the first non-invasive method to observe the physiological filling and emptying of the fetal urinary bladder as well as to investigate the amount of fetal urine production.
The amount of amniotic fluid is determined by a dynamical balance of membrane production and resorption and by fetal excreting and swallowing. A reduction of the amount of amniotic fluid can be obtained not only in cases of malformations of the fetal urogenital system but also in cases of growth retardation.
The aim of our study was to investigate the hourly fetal urine production rate (HFUPR) and the growth of the fetal kidneys in cases of fetal growth retardation and to evaluate its meaning for the origin of oligohydramnios in those cases. 
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Patients and methods
Our investigations were performed on 79 pregnant women between the 28th and 40th week of pregnancy (table I) . The study group consisted of 27 patients with fetal growth retardation. Criteria for acceptance into this study group were: confirmed gestational age by ultrasound in early pregnancy, E-3 and/or HPL levels less than the 10th percentile in maternal serum and sonographically estimated retardation ( figure 1) . Standard values of HFUPR and growth of the fetal kidneys were also evaluated in a control group consisting of 52 patients with an uncomplicated pregnancy. For our control group we selected the two patients with consecutive numbers and uncomplicated course of pregnancy after each patient with fetal growth retardation who was accepted into the study group. Pregnancy was defined to be uncomplicated, if blood pressure remained below 140/ 90 torr, no proteinuria, infectional diseases or diabetes mellitus occured during pregnancy. Patients with multiple pregnancy, blood pressure > 140/90 torr on one investigation during pregnancy or dilatation of the fetal renal pelvis were excluded from the control group [6] . If patients did not agree to participate or if the pregnancy was complicated, the next consecutive patient was chosen.
As a reference group for the control group, the 768 pregnancies which were delivered during the study interval were studied. All patients with blood pressure > 140/90 torr on one investigation, proteinuria, diabetes mellitus, multiple pregnancy, infectional disease, delivery before 37th week of gestation and a newborn weight > 2500 g were excluded from the reference group. The data of all patients were stored in a data base (WAMIS), and evaluation of those data were performed employing BMDP. In regard to maternal age, weight before pregnancy and at delivery, week of pregnancy at delivery and newborn weight, no differences were noted between the control group and the clinical parameters of 768 uncomplicated pregnancies of the reference group (table I) . Fetal weights did not demonstrate a difference between the control and reference groups (3367.5 ± 389.8 : 3351.9 ± 363.4) (mean values ± SD). By this means it could be proved that our control group is representative for uncomplicated pregnancies. The ultrasound investigations were performed with a sector probe with 4.0 MHz (Combison 320, Kretztechnik, Zipf, Austria). The criterion used to diagnose oligohydramnios ultrasonographically was the apparent near absence of amniotic fluid with only snail pockets of fluid present around the fetal extremities. A longitudinal scan of the maternal abdomen was made, so that a sagittal section of the fetus was obtained. Scanning over the lower part of the fetal body revealed the bladder outline and the largest diameter was determined (figure 2). The average increase of the fetal bladder volume from the minimum value to the maximum value converted to one hour yields the hourly fetal urine production rate (HFUPR). Then the maximum values of the three diameters of the fetal kidneys were measured (figure 3) and the volumes were calculated by means of the above mentioned formula. In order to compare the results of HFUPR and fetal kidney volume obtained at different gestational ages of normal and growth retarded fetuses, we calculated regression gradients. Regression lines and their 90% confidence limits were calculated for both groups. Data were also tested by employing analysis of variance in order to prove coincidence as well as parallelism of the regression lines.
Results
In 66 cases, all three diameters of both kidneys of the 79 fetuses could be measured, in 13 cases the volume of only one kidney could be calculated. The volumes of the kidneys did not show a significant difference between right and left. In the control group the volume increased from 5.1 cm 3 (mean value) in the 28th week of gestation to 17.6 cm 3 in the 40th week nearly linearly. In instances of fetal growth retardation, the reduction of the increase of renal volume was statistically evident (from 4.2 cm 3 in the 28th week to 16.1 cm 3 in the 40th week), while the increase of volume with advancing age was comparable with the control group (figure 4). The test for hypothetical coincidence of the two regression lines yielded a significant difference with p -0.004 (F = 5.7; 2 and DF2 = 141), but the hypothesis of parallelism was not rejected (p = 0.85; F = 0.27; DPI = 3 and DF2 = 140). That indicates, that between 28th and 40th gestational week, the fetal kidneys were significantly smaller in the study group than in the control group, but the volume increased during advancing age at the same rate in both groups.
The HFPUR of the 52 normal pregnancies increased from 5.9 ml (mean value) in the 28th week of gestation to 26.8 ml in the 40th week. The increase was nearly linear. The increase of the HFPUR in the 27 patients with growth demonstrates that with advancing gestational age HFUPR increases significantly less in patients with growth retardation.
In two third of the patients with fetal growth retardation, we found an obviously reduced volume of amniotic fluid. Unfortunately only in 6 cases were the results of placental histological investigation available. In all cases trophoplastic hypertrophy, intervillous fibrin deposits, hemorrhagic necrosis and extended fibrosis was demonstrated.
Discussion
The effect of placental insufficiency in the last trimester is an asymmetrical growth retardation. The fetal abdomen is affected earlier and more pronounced than the head [10] . This kind of retardation was designated "late flattening" by CAMPBELL [5] , which indicates that a reduced increase of the fetal biparietal diameter occurs in the last weeks of pregnancy. Abdominal diameters as well as biparietal diameters are commonly used as a screening method for retardation. Many sonographically detectable signs exist in pregnancies with fetal growth retardation such as reduced fatty layers including the subcutaneous layer of the abdomen, in the perirenal area, lack of detectable Wharton's jelly in the area of the umbilical cord, alternations of the structure of the placenta, and reduction of the amount of amniotic fluid. In case of late retardation a reduced increase of the cell volume is evident histologically, while the number or cells is not affected [13] . Internal organs of abdomen and thorax are affected primarily; whereas, the fetal brain shows a significantly higher weight in comparison to the body. The favored nutrition of head and brain is caused by special features of fetal blood circulation. The reduced increase of the cell numbers was proven in pathological-anatomical studies on thymus, lung, liver, spleen, kidney and suprarenal gland [9] .
Because retardation is evident especially in the area of the abdomen and the kidney can be measured best in this region sonographically, it is suggested to investigate the kidney in cases of growth retardation. The volume of the fetal kidney increases constantly in the second half of pregnancy [1] and opens even the possibility to estimate the fetal weight [2] . In our study we found a significant difference between normal pregnancies and those with fetal growth retardation.
In cases of placental insufficiency, the reduced perfusion of the whole fetus is the reason for growth retardation. Also evident is a reduced perfusion rate of the fetal kidney. In cases of growth retardation the glomerular filtration rate is responsible for the reduction of the HFUPR, which is influenced by the perfusion rate of the fetal kidneys. The tubular function does not seem to be affected [11, 14] . Recently pulsed doppler equipments have been employed for the non-invasive determination of the fetal blood flow. This method allows only measurement of flow velocity with sufficient accuracy; whereas, the measurement of blood flow volume is affected too much by the diameter of the blood vessel. Even a small error in measurement may lead to altered results [7] . Determination of the HFUPR refers not only to already existing fetal malnutrition, but also may be possibly helpful to detect early fetal hypoxia. Our results exhibited significantly lower values in cases of fetal growth retardation in comparison to the control group. A significant difference between the study group and control group occurs after the 31st week of gestation when the confidence limits of both groups are separated (figure 6). Confidence limits were calculated for illustrating our results.
The origin of amniotic fluid has been investigated in several studies. A relation to the perfusion rate of the fetal kidney and to the fetal urine output is obvious [3, 15] . In cases with renal agenesis, no anhydramnis is evident occasionally. In such cases with distinct malformations, other mechanisms may become more important for the production of amniotic fluid at least, including perhaps an altered exchange rate of fluid at the chorio-amnion [12] . It can not yet be answered, if in addition to fetal urine output and chorionic exchange, other structures may be responsible for the origin of amniotic fluid [16] . The fact, that in two-thirds of our patients a diminution of amniotic fluid was evident, emphasizes the role of fetal urine output for the origin of amniotic fluid.
Sonographically determined reduced biometrical dates of the fetus in case of growth retardation refer to a longer existing malnutrition. They do not include diagnosis of the actual fetal condition. Sonographic investigation does not allow the determination of subacute or acute potential of hypoxia. Cases with acute fetal distress may be easily diagnosed by employing cardiotocography. Due to the fact that HFUPR is a dynamical parameter and has a positive correlation to the perfusion of fetal kidneys, determination of this parameter may help to detect subacute distress and emerge as a warning of a fetal distress condition in case of biometrical proven fetal malnutrition.
Summary
The amount of amniotic fluid has a close correlation to the function of the fetal renal system. In many cases of fetal growth retardation oligohydramnios is obvious. The aim of this study is the investigation of the hourly fetal urine production rate (HFUPR) and the growth of fetal kidneys during pregnancy in cases of fetal growth retardation and to evaluate the renal participation in the origin of oligohydramnios in cases of growth retardation. In 52 healthy pregnancies and 27 cases with known fetal growth retardation, the volume of the fetal kidneys was measured sonographically and the hourly rate of fetal urine production was determined. Two third of the patients with fetal growth retardation had obvious oligohydramnios. In cases of fetal growth retardation the volume of the fetal kidneys was significantly smaller when compared to the control group, and the volume of fetal urine production was significantly lower. The reduced perfusion of the fetal kidneys in those cases with fetal growth retardation may be the reason for the reduction of the HFUPR. Due to the fact that HFUPR is a dynamical parameter and in close relationship to the perfusion of the fetal kidneys, the identification and measurement of this parameter may help to detect subacute and imminent fetal distress in cases of sonographically proven fetal growth retardation.
Keywords: Amniotic fluid, fetal kidney volume, fetal urine production, growth retardation, ultrasound. II existe une relation etroite entre la quantite de liquide amniotique et la fonction du Systeme uropo'ietique du foetus. En cas de retard somatique intra-uterin on constate souvent une diminution du liquide amniotique. Chez deux tiers des patientes presentant une insuffisance placentaire, on a pu constater un oligoamnios. Nos recherches ont pour but de definir le facteur de production d'urine et de la croissance des reins foetaux dans les cas d'insuffisance placentaire, et de determiner son role dans la genese de lOligoamnios dans les cas de retard de croissance. Au cours de 52 grossesses normales et de 27 avec insuffisance placentaire nous avons, ä aide de Fechographie, mesure le volume renal foetal ainsi que les modifications de volume de sä vessie et nous en avons deduit la quantite d'urine produite par heure par le foetus. Pour obtenir ce resultat nous avons repete l'examen jusqu'ä huit fois en 15 minutes tout en excluant une evacuation vesicale intermediaire. La quantite d'urine produite en une heure resulte de la moyenne entre le minimum et le maximum de croissance du volume de la vessie, rapporte sur la duree d'une heure. Le volume des reins foetaux est plus reduit dans les cas d'insuffisance placentiare qu'au cours des grossesse normales: de meme, on constate une diminution de la quantite d'urine produite par heure en rapport avec le terme. La reduction de la production d'urine foetale dans les cas de retard somatique a pour cause une diminution de perfusion renale. En definissant la production d'urine du foetus comme parametre dynamique, mis en correlation avec la perfusion renale, on pourrait parer aux dangers subaigus ou potentiels qui menacent Falimentation du foetus dans les cas d'insuffisance placentaire determines de fagon biometrique.
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